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Abstract 
Among the many types of indoor pollutants, carbon dioxide has always been overlooked. This paper simulated and 
analyzed the variety of the concentration of indoor carbon dioxide of the office room over time under steady-state 
conditions of natural ventilation based on CONTAM, and aims to understand the impact of the human body as a 
pollution source on indoor air quality produce, as well as the role of ventilation to improve indoor air quality. For 
the natural ventilation of a room, the airflow paths of upstream own far more effect on IAQ than that of downstream, 
so it is very important to make sure that the airflow paths of upstream is smooth. Furthermore, natural ventilation is 
not an optimal approach to eliminate indoor pollution. The mechanical ventilation must be introduced to effectively 
guarantee the IAQ. 
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1. Introduction 
For the modern indoor air pollutants have large-scale sources and reaching harm, indoor air Quality of various 
large public buildings, offices, residential and other modern buildings has become the focus of research. Among the 
many types of indoor pollutants, carbon dioxide is the most common one, while always been overlooked. Outdoor 
and indoor are two main sources of indoor carbon dioxide. Outdoor sources include coal and wood combustion;  
 
 
* Shui Yu. Tel.:+86-188-02483528. 
   E-mail address: yushui19832002@163.com. 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
1614   Shui Yu et al. /  Procedia Engineering  121 ( 2015 )  1613 – 1619 
Building energy consumption simulation objects are new buildings and existing buildings. New building energy 
indoor sources have mainly two aspects, one is the body's respiratory, the other one is the combustion of fuels from 
coal stoves [1]. The main dangerous of carbon dioxide to body is to stimulate the respiratory center, which causing 
shortness of breath, increasing the amount of smoke inhaled, and can further cause headaches, confusion and other 
symptoms. In fact carbon dioxide itself is not toxic, it won’t do harm to human body only if the content exceeding 
the standard.  
The concentration of carbon dioxide in the fresh air is about 0.03%. But in crowded places, the concentration of 
carbon dioxide in the air is proportional to microorganisms and respirable particulate matter pollutants. Thus, carbon 
dioxide is used as indoor air pollution health indicator. As the national standard stipulated, carbon dioxide 
concentration of public places which the crowd staying longer should not exceed 0.07-0.10%, and 0.15% for the 
short-stay places. People will not be jeopardized living in this kind of space. If the room is gathered a lot of people 
or has gas, liquefied petroleum gas and coal stove burning, and the air does not circulate, which will relatively 
reduce the oxygen content indoor and generate a large amount of carbon dioxide, finally result in varying degrees of 
symptoms of poisoning for indoor staff. Based on psychological and physiological reactions of the human body, the 
population dissatisfied (PD) rate is considered as indoor air quality assessment criterion. The concentration levels of 
carbon dioxide at where PD is 20% and 30% respectively represent the ideal range and tolerated range of carbon 
dioxide. While 10% represents a better level, which means a ideal range even for sensitive populations. The 
resulting impact benchmarks of indoor carbon dioxide levels on human health are listed in table 1 [2].  
Table 1. Effects benchmark of indoor CO2 concentration level on human health. 
indoor CO2 
concentration level 
population dissatisfied 
(PD) rate 
Human health effect 
ĉ. based on non self-adaptive crowd 
485-1015ppm  5.8%-20% general ideal range 
485-615ppm 5.8%-10% ideal range of sensitive crowd  
616-1015ppm 10%-20% permissible range of sensitive crowd 
1016-1570ppm 20%-30% general permissible range 
1571-5000ppm ˚30% long-term tolerable range˄SBS occurrence range˅ 
5001-15000ppm 100% short-term tolerable range 
15000- 100% intolerable range 
Ċ. based on self-self-adaptive crowd 
485-2420ppm 5.8%-20% general ideal range 
485-1225ppm 5.8%-10% ideal range of sensitive crowd  
1226-2420ppm 10%-20% permissible range of sensitive crowd 
2421-4095ppm 20%-30% general permissible range 
4096-5000ppm ˚30% long-term tolerable range˄SBS occurrence range˅ 
5001-15000ppm 100% short-term tolerable range 
15000- 100% intolerable range 
2. Methods 
CONTAM is a multi-zone indoor air quality and ventilation analysis software developed by the Building and Fire 
Research Laboratory under the US National Institute of Standards and Technology (NIST), used to simulate the 
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various types of flow, contaminant concentrations and indoor staff exposure levels. The software owns reliable 
algorithm, user-friendly interface and rich databases. Combined with graph theory, CONTAM simplifies the actual 
building to ideal one using some of its own concepts such as level, zone, airflow path, etc, then performs simulation 
and analysis [3]. 
Fig. 1. Simplified building model. 
The building model selected in this study is the third layer of a five-story office building at Shenyang, including 
an office, a conference room and a corridor. The simulation is built on the following assumptions:  
x Steady ventilation, an outdoor wind speed of 2m/s, a constant indoor temperature of 20 degrees; 
x The office staff are in a quiet state, and there is no disturbance in the room; 
x Background concentration of carbon dioxide is zero, and there is no other sources of carbon dioxide. 
This paper simulated the time history of the concentration of carbon dioxide in the office respectively under 
different ventilation and different number of people. The simplified building model can be seen in Figure 1. 
3. Results 
First, we set the door and window were all opened, and simulated the time history of the concentration of carbon 
dioxide in the office respectively under different number of people. The results are shown in Figure 2. 
 number of people=3  number of people=5 
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number of people=8 number of people=10 
Fig. 2. The time history of the concentration of indoor carbon dioxide when door and window are all opened. 
Since the door and window are all opened, the office room is well ventilated. With the increase of the number of 
people, the concentration of indoor carbon dioxide has remained at a low level. From figure 2, when the number of 
people reaches a maximum of 10, the peak concentration of carbon dioxide is only 480ppm. Referring to Table 1, 
carbon dioxide concentration is within the ideal range both for the non self-adaptive crowd or self-adaptive crowd, 
which will not affect the health of the staff indoor. 
 
 number of people=3  number of people=5 
 number of people=8  number of people=10 
Fig. 3. The time history of the concentration of indoor carbon dioxide when the window is closed. 
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Then, we changed the ventilation condition by only closing the window, and assuming there is a narrow crack 
existing in the window. Simulated the time history of the concentration of carbon dioxide again, the results were 
illustrated in Figure 3. 
As we can see from figure 3, although the windows is closed at this time, but the indoor ventilation effect is still 
good due to the presence of the window crack. With the increase in the number of people, although indoor carbon 
dioxide concentrations are slightly increased than that the door and window fully opened, but still remain at a low 
level. The peak concentration of carbon dioxide this time is only 600ppm, not exceeding the ideal range of sensitive 
crowd yet. 
Then, we changed the ventilation condition once more by only closing the door, and assuming there is a narrow 
crack existing in the door this time. Simulated the time history of the concentration of carbon dioxide again, the 
results were illustrated in Figure 4. 
 
 number of people=3  number of people=5 
 number of people=8  number of people=10 
Fig. 4. The time history of the concentration of indoor carbon dioxide when the door is closed. 
As is illustrated in the figure, the carbon dioxide concentrations have increased violently when the door is closed. 
The peak concentration reaches 1190ppm when there is only three people, which exceeding the general ideal range 
of non self-adaptive crowd. When people increase to five, the peak concentration has exceeded the general 
permissible range of non self-adaptive crowd, entered the Sick Building Syndrome occurrence range, and the 
dissatisfied rate is higher than 30%. When people increase to ten, the peak concentration reaches 2580ppm, which 
even exceeding the permissible range of self-adaptive crowd. 
Finally, close the window and door at the same time, and simulate the time history of the concentration of carbon 
dioxide under poor ventilation condition. The indoor ventilation could carry on only via the crack of the door and 
window. The results were illustrated in Figure 5. 
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 number of people=3  number of people=5 
 number of people=8  number of people=10 
Fig. 5. The time history of the concentration of indoor carbon dioxide when the door and window are all closed. 
According to figure 5, the carbon dioxide concentrations show a significant linear growth, and are almost 
unchanged after the staff leaving room. It means that small cracks have no effect on indoor ventilation. When the 
number is three indoor, indoor concentration of carbon dioxide reach to the SBS occurrence range of non self-
adaptive crowd in just one hour. Three hours later, the concentration is still within the tolerable range, but the 
population dissatisfied rate has reached 100%. The concentration turns out to be intolerable after eleven hours. This 
trend will develop more and more rapidly with the increase number of people. Therefore we must take effective 
means of mechanical ventilation to improve indoor environment. 
4. Discussion 
The concentration of indoor carbon dioxide depends on two main factors, one is people indoor and the other one 
is ventilated condition, and the latter one plays a decisive role because of the limit of the number of people indoor. 
After comparing Fig.2 and Fig.3, we found that the concentration of indoor carbon dioxide always stay in the 
ideal range under the all-open or window-close situation. This shows that when the gate from the upstream opens, 
whether the window from the downstream is closed has limited effect on the concentration of carbon dioxide. Then 
comparing Fig.3 and Fig.4, we can see that the concentration of carbon dioxide under the door-close situation is 
significantly higher than that under window-close situation. Fig.5 shows that the IAQ deteriorating very quickly 
when the door and window are all closed. The current cracks on door and window have lost the effect of 
permeability ventilation. The simulation was conducted on a simplified ideal condition; in fact the deterioration of 
IAQ is much more complicated, because there is a lot of disturbance caused by equipment and personal activities. 
Besides, outdoor environment also exists a lot of instability.  
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Natural ventilation has instability, which is vulnerable to seasons and climate factors. Once the natural ventilation 
is interrupted, IAQ will deteriorate rapidly in a short time. What’s more, due to the sealing of new buildings is 
getting better, natural ventilation effect is gradually weakened. Therefore, the mechanical ventilation system must be 
introduced to control indoor carbon dioxide. 
5. Conclusions 
For the natural ventilation of a room, the airflow paths of upstream own far more effect on IAQ than that of 
downstream, so it is very important to make sure that the airflow paths of upstream is smooth. Furthermore, natural 
ventilation is not an optimal approach to eliminate indoor pollution, only to introduce the mechanical ventilation can 
effectively guarantee the IAQ. 
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